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CHEMICAL IDEAS IN MEDICINE AND 
BIOLOGY’ 


By Sir HENRY DALE 
DIRECTOR OF THE BRITISH NATIONAL INSTITUTE FOR MEDICAL RESEARCH 


Tuts is the seeond oceasion within a period of some 
eighteen months on which I have been given the 
pleasant opportunity of taking part in the opening 
of new research laboratories in this country, sup- 
ported by your great pharmaceutical industries. I 
hope I may deteet, in this second invitation to take 
part in a ceremony of this kind, a willingness to re- 
gard me still as one of the workers in medical science 
who have found opportunity for research in labora- 
tories supported by industry, although my work under 
such conditions came to an end all too many years 
ago. I shall never regret that experience, or cease to 
be grateful for the opportunity which it gave me. As 
I suggested when I spoke last year at Rahway, the im- 
mediate objeetive of research in such laboratories, 
and the kind of opportunity which it affords, may 
have their natural and proper differences from those 


Address given at the opening ceremony of the Eli 
Lilly Research Laboratories, October 11, 1934. 


of the laboratories supported by academic or public 
endowment. But the differences in result for the 
progress of medical science are often more formal 
than real; and it is my hope that the growth of co- 
operation between those working in these different 
spheres may yet bring to many the rather rare privi- 
lege which has fallen to my own lot of migrating from 
one to the other, and back again, and thus of know- 
ing at first hand the best that each can offer. 

We are opening to-day new research laboratories in 
connection with a modern pharmaceutical industry. 
To those of us who can look back over the period 
which has elapsed since my own student days, the 
change that has taken place in the scope of pharmacy 
has a revolutionary aspect. Forty years ago the 
earliest of the antitoxie sera ranked as recent dis- 
coveries, and accurate methods for measuring their 
activities in tests on animals had just been laid down 
by Ehrlich, on principles which provided the founda- 
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tion of all sound later work on the biological assay 
of remedies. The first effective application of a 
hormone in the specific treatment of a disease—that 
of thyroid extract in myxoedema—was still a novelty, 
and the remarkable activity of extracts from the 
suprarenal gland, due to the substance later isolated 
and named epinephrine or adrenaline, had just been 
observed. Pharmacy in those days was still predomi- 
nantly concerned with the traditional drugs which had 
come into use through empirical observation; and the 
extracts and tinctures commonly used in practise could 
be and to some extent still were made on a small seale 
by the individual retail pharmacist. There was al- 
ready, of course, some large-scale production even of 
these old-fashioned, galenical preparations, and a be- 
ginning had been made with the manufacture of an 
early few of the synthetic preparations which are now 
available in such bewildering multitude and variety. 
But the therapeutic practise of those days, to an ex- 
tent which in retrospect from the present position 
seems almost incredible, was still based almost en- 
tirely on an empirical tradition; and, though new ad- 
ditions had from time to time been made to the 
materia medica, the therapeutic outlook and attitude 
had changed but little for centuries. A beginning had 
been made by pharmacology towards rationalizing the 
use of those of the drugs in common use which had 
an action sufficiently definite to be susceptible to ex- 
perimental analysis. Towards most of the conven- 
tional range of treatment, however, the attitude of 
the candid physician, no less than of the experimental 
investigator, was one of sceptical pessimism. For a 
large proportion even of serious illness he preseribed 
medicinal treatment because the patient expected it, 
rather than with any hope of result beyond, perhaps, 
a minor alleviation of symptoms. 

I am not suggesting that such expectant or pallia- 
tive treatment no longer exists in medical practise or 
that its complete elimination is to be expected or 
desired. Alleviation of symptoms not only brings 
the richest reward of gratitude; it may be the most 
urgent medical duty. The change, however, towards 
a rational and fundamental therapeutics, aimed at 
removing causes or replacing deficiencies, has been, 
during the period in question, and is still in active 
progress. One example comes vividly and appropri- 
ately to my mind on the present oceasion. As a stu- 
dent in the medical wards, I remember hearing a 
great physician, faced with a case of diabetes, ex- 
press the view that it would have been better for the 
patient if his condition had not been discovered. 
“We can,” he said, “at best prolong his life a little, 
and only at the cost of making it not worth living.” 
The same, indeed, might have been said at any time 
during a further twenty years from that date; but, 
speaking in the presence of Sir Frederick Banting, 
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and in the place where the large-scale production of 
insulin had its earliest organization, I do not need ty 
remind you of the revolutionary change which ha; 
since taken place, with regard to the treatment of 
diabetes. : 

The transformation of the whole aspect of one digs. 
ease by the discovery of insulin has attracted a mor 
general attention than almost any other advance jy 
medical science within our time. For those of us who 
have been engaged in experimental attempts to trace 
the complicated story of the functions, transforms. 
tions and fate of sugar in the normal body, it has 
represented a physiological advance as important 4; 
that which it has effected in medical practise. Ye 
we may regard this discovery as one item of the 
wider progressive change in therapeutic method, based 
upon new knowledge of the causes of disease and ain. 
ing at the removal of those eauses. Looking at the 
change as a whole, I think we may distinguish two 
main contributory factors. 

(1) The first was the recognition of infections a; 
due to the invasion of the body by living microorgan- 
isms. It is a commonplace that preventive medicine 
was born of this discovery, but the new knowledge, 
with its astounding and still progressive development, 
has also given a new direction to the therapeutics of 
infective diseases, in the search for remedies spe- 
cifically killing or limiting the growth of the infect- 
ing microorganisms, or specifically neutralizing the 
poisons which they produce in the infected body. A 
few of the older remedies, indeed, owed their value 
to an unconscious application of such specific actions, 
for the control of infective organisms which modem 
research has since identified; but I can only think 
of some three or four of such specifically acting drugs 
which the old empirical pharmacy bequeathed to us— 
cinchona, ipecacuanha, mereury and the iodides. Con- 
trast with this the resources of modern therapeutics, 
with its range of antitoxins and bacterial products 
and its growing list of new synthetic compounds dis 
covered as the result of deliberate and organized 
search, for substances which shall be harmless to the 
infected patient in doses which kill or prevent the 
multiplication of the infecting organism—the new 
type of experimental therapeutics whieh Ehrlich 
termed “chemotherapy.” But a few years ago, it 


might have been supposed that the relation between 


the bacterial constituents and the antibodies or nat- 
ural antidotes, which the body itself produces 1 
neutralize them, was of a eomplexity which put it 
beyond the reach of attack by the methods of strut 
tural chemistry. The position has been so changed, 
however, by the work of Landsteiner, of Avery and 
Heidelberger and of others, that it is hardly too much 
to say that a new and exactly chemical basis for these 
mysterious phenomena of immunity is even now being 
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built. Meanwhile, the synthetic production of arti- 
feial specifie remedies for infection has, in the course 
of some twenty-five years, given us arsphenamine and 
other organic arsenical compounds such as tryparsa- 
mide; various derivatives of antimony; complex or- 
ganic substances related to the dyestuffs on the one 


Shand or to natural alkaloids on the other, and spe- 


cifically effective against the trypanosomes of African 
sleeping sickness or against the parasite of malaria, 
still the most deadly enemy to human life and health, 
if we view the world’s peoples as a whole. We may 
properly class these synthetic substances with the 
antitoxins and other anti-bacterial substances, as arti- 
ficial and natural agents for the removal from the 
body of harmful invaders from without. 

(2) A second principal factor in this change in 
therapeutic outlook may be found, I think, in the 
recognition of diseases due to the lack of substances 
normally present in the body, without which its nor- 
mal functions and the normal development of its 
organs and tissues ean not proceed. These sub- 
stances, required in quantities which, in some eases, 
sem almost fantastically small, but none the less 
essential for healthy function, are of two kinds. 

(a) The body has its own factories, in the glands 


Sof internal secretion, for the wide-variety of prin- 


ciples grouped together as the hormones; and modern 
therapeutics can show no triumphs more brilliant than 
those which have followed the discovery of methods 
of preparing a number of these in a state of suffi- 
cient purity to enable them, by artificial administra- 
tion, to correct an abnormal deficiency. We have 
spoken already of the first example in the treatment 
of myxoedema by thyroid gland substance, and of 
the dramatically successful correction of the diabetic 
defect by insulin. The thyroid treatment had in- 
volved few technical problems of preparation or ad- 
ministration, since the raw gland substance, given by 
the mouth in small doses, was already effective. In 
the ease of insulin, the existence of such a pancre- 
atic hormone, and even its origin from the islets of 
Langerhans, had been very probable for many years; 
but all attempts to prepare it and to apply it in treat- 
ment had failed. The influence of B:nting and Best’s 
great achievement, in showing that insulin could be 


: obtained in stable solution and applied effectively by 
jection, went far beyond their immediate problem, 


in awakening new hope and initiative with regard to 
other hormones, which had appeared to be equally 
elusive, Tetany, Addison’s disease, pernicious anemia 
have now all been brought within the range of spe- 
cific treatment, by artificial supply of the defective 
hormones from the parathyroid glands, from the 
‘uprarenal cortex and from the stomach and the liver, 
by the brilliant work of Collip, of Swingle, Hart- 
mann and their respective coworkers, and of Minot, 
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Castle and their colleagues. Who ean dveubt that 
preparations from these glands are destined to ac- 
quire an increasing range and success of application, 
as the methods for purifying and stabilizing their 
subtle principles are progressively improved, and as 
clinical science, thus able to apply them, recognizes 
more clearly the conditions due to partial defects of 
their natural supply? I can not take time for more 
than a mere mention of the new vistas of knowledge 
which are being opened by the study of the complex 
interplay of the series of hormones controlling the 
physiological cycles of sexual activity and reprodue- 
tion or by the daily unfolding of the multifarious 
activities of the hormones formed by one part only, 
the so-called anterior lobe, of the pituitary body, 
tucked away in a little bony recess at the base of the 
brain. Somebody has already bestowed on this tiny 
organ the picturesque title of “the conductor of the 
endocrine orchestra.” And, indeed, there is no sign 
yet of any end to the revelation of new directions in 
which its hormones control the activities of other 
glands and their output of other hormones. Methods 
for obtaining in separate solutions the apparently 
different principles by which this pituitary lobe pre- 
sides over normal growth and over the activities of 
the sex glands, and by which it acts in some kind of 
balancing antagonism to insulin, are already begin- 
ning to appear. It can hardly be doubted that some 
of them, with advances in the technique of their 
separation, are destined to play important roles in 
practical therapeutics. 

Let us note, further, for encouragement, how many 
of the hormones have already been prepared in chem- 
ically pure condition. In the case of epinephrine and 
thyroxine chemistry has gone much further than iso- 
lation; not only is their structure exactly known, but 
they can be prepared by artificial synthesis. In the 
ease of one of the female sex-hormones the structure 
is already known with practical certainty, and syn- 
thetic production may be anticipated with seme con- 
fidence. Insulin has been obtained by Professor Abel, 
and by others who have followed his lead, in erystal- 
line form; though its complex, protein-like nature 
affords less hope for the elucidation of its structure 
And now, only in the past few weeks, comes news that 
Dr. Kendall, of the Mayo Research Institute, who first 
obtained pure thyroxine, has succeeded in preparing 
what appear to be pure erystals of the elusive hor- 
mone of the suprarenal cortex. 

(b) Then there is the second class of specifically 
acting substances, necessary like the hormones for 
healthy function and growth, but obtained by the 
body mainly from the food, and known to all the 
world as “vitamins.” The story of these, of their 
successive recognition, still not completed, by the pro- 
tective action of each against a different well-known 
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disease of deficiency, such as scurvy, rickets, beri-beri, 
pellagra, provides, like the story of the hormones, one 
of the romances of recent medical research. It is re- 
lated of Jaques Cartier and his expedition, when they 
landed in Canada four hundred years ago, that, being 
attacked by seurvy, they learned from the native In- 
dians to cure the condition with an infusion of the 
fresh sprouting tips of a species of fir tree. Nobody 
can guess how long the Canadian Indians had pos- 
sessed this life-saving knowledge, just as those of the 
South American Continent knew of the value of ein- 
chona bark in fevers and of ipecacuanha in dysen- 
tery. This method of treating scurvy, however, 
passed out of the white man’s memory for yet an- 
other two centuries. A more extended knowledge of 
the relation of seurvy to lack of what is now ealled 
Vitamin C, and even of the kinds of food containing 
the missing factor, again became available in the 
eighteenth century, from the experience of Seandi- 
navian and British sailors and explorers. Captain 
Cook’s voyages of discovery in the good ship Ea- 
deavour, to the islands of the Pacific, to New Zealand 
and Australia, owed their success largely to the sci- 
entific measures which he took to protect his crews 
from disease and particularly from scurvy. 1 take 
some satisfaction in noting that the Royal Society of — 


London, when giving to James Cook the Copley — 


Medal, the highest honor at their Sey | fue 


A 


for the scientific treatment and prevention of diseases 
which, but a few years ago, presenied a batting: series 
of problems to medical practise. Some a] | 
have become, in a 


searched in vain for suitable cases of rickets, in which — 


the good mothers had not already begun treatmey 
with cod-liver oil, before presenting the little patien, 
for examination; and we had to go further afield, ;, 
an area of extreme industrial depression, before jj, 
action of Calciferol could be demonstrated on ¢agy 
not previously treated. Again in the case of th 
vitamins, it seems probable that scientific applic. 
tion in medicine is only just beeoming a possibility 
now that their separate preparation enables the actig, 
of each to be individually studied, and the results o 
its deficiency to be more clearly recognized and dis. 
entangled. 

It would be possible to regard this remarkab 
change in therapeutic outlook and method simply y 
one phase in the general scientific development whic 
has transformed a whole range of human activitig 
in a generation. If we look, however, for a pw. 
ticular rather than a general cause, I think we shal 
find it in the rapidity with which chemical knowlely: 
and ideas have, in this same period, permeated th: 
whole of medical and biological seienee. Forty yeas 
ago, though ,ehemieal ~— in be age : 
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ave been picturesquely deseribed and contrasted as the order of the amount—of the weight of acetyleho- 
Bihe telegraph and postal services of the body. Apart line used to transmit the effect of a single nerve im- 
from the true hormones certain other highly active pulse to a single ganglion cell; but, if I give the 
B nemical substances have become known, widely dis- weight in grams, I shall have to ask you to imagine 


nent 
ents 
1, to 
> the 












863 ributed in the tissues, and taking part in local regu- a row of 20 noughts to the right of the decimal point 
the Motion, of the blood-supply especially. It has also before you reach a significant figure (10-7! gram). 
lica. H})eon known for some years that the nerves belonging We have further evidence, less complete but highly 


» a certain system, which controls the involuntary suggestive, that every ordinary motor nerve impuls 
‘tin HMactivities of the viscera, the heart and the blood ves- to a fiber of our voluntary muscles, similarly pro- 
8 of Hiccls, do not exercise this control by a direct trans- duces its effect by liberating a little charge of ac« 
dis. mission of the physical impulses passing along them tylcholine in contact with the receptive plate of the 
o the organs in which they end, but by liberating muscle fiber, thus stimulating it to contraction. As I 
able potent chemical agents, by the action of which the speak to you, I have every reason to suppose that the 


lity, 





Y a effect of the nerve impulses is transmitted. Two such muscle fibers of my tongue and my jaws are being 
hieh nents were recognized, transmitting the largely an- activated by innumerable little charges of acetylcho- 
itis Hagonistic effects of different groups of these nerves. line, fired at them, as it were, from the endings of the 
par. ne of them has been almost certainly identified as nerve fibers. 

hall #acetylcholine—a substanee of which the intense ac- For the whole of the peripheral nervous system, 





ivity was first reeognized by Professor Reid Hunt then, we seem to be in sight of knowledge enabling us 
nearly thirty years ago, and in which I also beeame to deseribe the transmision of effects, from nerve 
Binterested at an early stage, long before we had any fibers to reseptive cells, in terms of precise chem- 
eason to believe that it occarved in the body or had istry. Amd the vast and complex problem of the 
ny important natural function. Loewi, whe gave the central nervous system still remains. It will be 
rst clear demonstration of this chemical transmission strange, indeed, if knowledge of this kind, expanding 
nervous effeets, vecognized the close similarity to just now with sueh unexpected rapidity, does not 
leholine of the substance liberated in the frog’s eventually have some effect, if only an indirect one, 
by impulses the vagus pene; and the evi- on practical therapeutics. 
ve for this ide wish han 100 uost every week. 1k a games af an catinly diferent fd of 
> other stance, ¥ — \ has ¥ e tly been studied search. —. the pure crystalline 
ially by Profease a cereate stont of nS ecialies MN tee ectieaquee 
s of the so-called aps sthetie system; and iis have called ME aati ot sees 
ions and suel ore ‘properties as it has = hormones concerned with the control of certain serua! 
been ; » to test % = close similarity to functions. At least two of these have been erystal- 
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- liged and studied in pure condition, une concerned 
» with female function, the other with the maintenance 
of the general characteristies of the male; and the 
general lines of structure of these substances kave 
been established, so that it is not unlikely that one 
poy age nd any time be produeed synthet- 
me ingenious chemist. Perhaps it is not 
}to learn that these sex hormones 
= dosely related compounds, differing 
Ss progus = Uy Geer me one anoth — ‘im detail rather than in general 
lrenaline, among the fibers ¢ i} plan, though we are very far from understanding 
le heart. how so small differences of structure can produce so 
So far the main lines of the et lange a difference in physiological character. In the 
some years; bub @urimg the year end me of bo o_o trace again a centr al strue- 
ae, g an imp mm resognised -¢ommon to the group “of the 
garded as peculiarly inert con- 
‘bod ‘And now, within a few years, 
lated to them, on the one hand, the vitamin 
1 these sex hormones, all of them sub- 
mtense physiological activity, but produc- 
different kinds—surely a reia- 


tionship wee is sufficiently surprising. Yet there is 
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another even less to be expected. Habitual contact of 
the skin with tar has long been known to cause a 
liability to superficial cancer; and the condition can 
be produced experimentally in animals by frequent 
tar painting. Dr. Kennaway and his coworkers in 
London have for years been engaged in the difficult 
quest for the constituents of tars which produce this 
effect. And when at length they succeed, the sub- 
stances they find have again a type of structure sug- 
gesting the central nucleus of the sterols, linking them 
with sex-hormones on the one hand and Vitamin D on 
the other. Induction of caneer with prolonged ap- 
plication to the skin, prevention and cure of rickets, 
provocation of sexual function and development— 
here is a curious assortment of activities to be linked 
by a central chemical structure, common to the sub- 
stances producing them, and to the inert sterols as 
well. Nor is the community merely the theoretical 
one of chemical structure. The specifie activity char- 
acterizing one or another of these, when it is given 
in tiny fractions of a milligram, may apparently be 
shown by the others when given in relatively large 
amounts. Thus, we have evidence that a substance 
which, when painted on the skin, causes a cancerous 
growth to appear, will also cause a capon to change 
its plumage for that of a normal hen, when injected 
in a suitable dose; while the same carcinogenic sub- 
stance, or even the pure Vitamin D, if injected in 
relatively large amounts into female rats, will initiate 
a eycle of sexual activity. The chemical approach is 
leading us to some curious associations. 

If we follow the story of this chemical induction 
of malignant growths a stage further, it leads us 
to an association still stranger and more mysterious. 
Years ago Rous of the Rockefeller Institute deseribed 
the first of a series of malignant tumors in fowls, 
which had the property that its filtered juice, free 
from all cells and visible organisms, would cause a 
similar tumor to form in another fowl into which 
it was injected. A number of such tumors have since 
been described. And now, quite recently, comes the 
news that injection of some of these tar products into 
a chicken will cause a tumor to be found, and that a 
filtered extract from this tumor will reproduce its 
growth in other chickens, from which it can again be 
passed by filtrates in apparently endless propagation. 
Now the filtrates of these tumors have all the proper- 
ties of living infective agents, not of chemical irri- 
tants. In a number of different ways they are allied 
to the viruses, the study of which, as the causes of 
many of the most important infective diseases, has 
progressed so rapidly in recent years. The study of 
the visible bacteria had left, as the great outstand- 
ing problem of infective pathology, these infections 
transmitted by materials in which no organisms could 
be cultivated or seen—smallpox, infantile paralysis, 
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measles, chicken-pox, mumps, yellow fever, influeng, 
the common cold, dog distemper, foot and mouth 4s 
ease, and many more. Recent work, on both sides , 
the Atlantic, seems in the case of some of them, suq 
as psittacosis and vaccinia, to have succeeded in dey 
onstrating bodies like extremely minute organisms, 
small that they were beyond the range of the micy 
scopic methods previously available. There is a who) 
series, however, with infective particles of diminis), 
ing size until, as in the case of the virus of foot anj 
mouth disease, they approach the dimensions of py 
tein molecules in solution. They are not chemig 
agents in the ordinary sense, but it is difficult to pic 
ture them as organisms. The agents transmitting bir; 
tumors fit into this series in many of their propertie 
Are we to picture them as lying in wait in the norm: 
tissues, for some failure of their resistance, such agi hov 
the tar substance might produce, to give them a foot {i not 
hold? Or does the chemical irritant produce some pet 
perversion of metabolism which starts the cell on itqmm fac 
malignant career, the perversion being transmitted tom ceu 
the direct offspring of its cleavage, or even to normaly ing 
cells by contamination with its juices. That is a statefiM ho 
ment, with the erudest brevity, of what appears to bast 
the central problem, common to the study of the an 
malignant tumors and of many of the infections due sea 
to acknowledged viruses. me 
We have turned aside for a hurried glance at them ni 
course of medical research at certain points where itm pr 
is advancing freely into the unknown, where thers-§ hi 
peutic application must probably wait till the funda-j re 
mental st.ucture of knowledge has been built ani wi 
where hope for the future is more justified than afi su 
tion in the present. Our earlier survey, however, offi ed 
the fields where therapeutic practise has been able tommy di 
follow the expansion of knowledge more closely, pre L2 
sented us with a sufficiently imposing list of newg™ re 
types of scientific remedies—antitoxie sera, bacterial 
vaccines and antigens; artificial chemical antagonists 
to different infections; hormones which the healthy 
body makes in its own glandular laboratories; vitw 
mins which it obtains ready made, or as raw materials 
for its own further elaboration, from natural, w- 
sophisticated foods. We have made no mention 
yet of the newer symptomatic remedies, the array ‘ 
new substances synthesized in the laboratory or ¢ 
tracted from natural sources, for the relief of pain 0 
the artificial stimulation of some flagging naturl 
funetion. And what do all these new developmen!s ju 
mean for pharmacy? They have but little relation th 
to the art of the individual pharmacist whom ov mm \¢ 
fathers knew, compounding his pills and potio—y , 
among the jars and bottles of the dispensary. We W 
must resign ourselves, I fear, here, as in other spher* 0 
of human activity, to the loss of an individual 4% 
in exchange for scientifically organized productiol 
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Pharmacy, indeed, to meet these novel, various and 
expanding demands of modern therapeutics, has to 
pecome one of the most highly organized departments 
of scientific manufacture, covering an extraordinary 
range of expert knowledge and equipment. It now 
needs stables and pastures; incubation rooms for the 
large-scale culture of a wide variety of bacteria, and 
serile rooms for manipulation of the products; chem- 
ical plant adapted to the difficult synthesis of com- 
plex and delicate compounds, or to the chemical and 
physical separation and purification of unstable nat- 
yal principles, from animal organs only obtainable 
in adequate quantity and freshness by the coopera- 
tion of highly organized abattoirs. But there is a 
nuch more fundamental requirement. It is not or- 
ganization, however perfect; it is not expenditure, 
however lavish, on manufacturing equipment; it is 
not even the services of a staff of highly qualified ex- 
ome perts for the routine conduct and control of manu- 
1 itm facturing operations, which will enable a pharma- 
ceutical enterprise to meet the changing and expand- 
ing needs of modern therapeutic practise. It can not 
hope to do this, unless its activities respond to the 
stimulus and submit to the guidance of continuous 
and progressive research. And when I speak of re- 
search, it will be understood that I do not mean 
merely experiment directed to improving the tech- 
nical methods of manufacture or the control of its 
products, though there is need and seope for work of 
high seientifie quality in these directions. I mean 
research undertaken in a spirit of free inquiry, often 
with no immediate practical aim, or any probable re- 
afm sult, other than the inerease of fundamental knowl- 
off edge. American industry has a noble record of the 
tom direct support of such fundamental research, and Dr. 
-f/™ Langmuir’s presence provides this occasion with a di- 
wae rect example and representative of this enlightened 
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policy. Eli Lilly and Company, also, have claim to 
high rank among the industrial organizations which 
have supported scientific research for its own sake. 
Numerous laboratories in this and, indeed, in other 
countries, have reason to be grateful for their gen- 
erous and well-directed aid. As for their support of 
research within their own organization, I recently 
visited the Marine Laboratory at Woods Hole, and 
there saw Dr. Clowes and some of his staff, who had 
been working through the summer on problems of 
fundamental biology, in happy association with dis- 
tinguished academic workers in the same field; and 
I brought away with me the conviction that there was 
no need here to urge on an enlightened directorate 
the claims of research having no immediate or visible 
relation to its business, but of immense value in keep- 
ing alive the scientific initiative and mental enterprise 
of those who also serve its interests more directly, 
and in helping them to establish and to retain their 
proper rank in the great scientific fellowship. It is 
because we know that Mr. Lilly and his co-directors, 
while free and generous in their support of medical 
and biological research in many laboratories and in 
many countries, have had the wisdom to give to their 
own scientific coworkers a wide freedom in the scien- 
tifie field, and have known how to value the spirit 
which it engenders, that we take part with such 
pleasure in the inauguration to-day of these splendid 
research laboratories. We do so with high hopes for 
the use which Dr. Clowes and his distinguished staff 
of collaborators will be able to make of this greater 
opportunity, for their own advancement in the great 
commonwealth of research, for the advancement of 
the great and progressive industry which has pro- 
vided the opportunity, and, above all, for the ad- 
vancement of medical science in the interest of all 
mankind. 


; PROGRESS IN DEVELOPMENT OF THE JU. S. 

WEATHER SERVICE IN LINE WITH THE 

| RECOMMENDATIONS OF THE SCI- 
ENCE ADVISORY BOARD 


! 
5 

By WILLIS RAY GREGG 

CHIEF OF THE UNITED STATES WEATHER BUREAU 


TuE Science Advisory Board, which acts under the 
jurisdiction of the National Academy of Sciences and 
the National Research Council, was created by order 
of President Roosevelt on July 31, 1933. This board 
Was given authority “to appoiut committees to deal 
with specifie problems in the various departments.” 
One of the first committees so appointed was the 
“Special committee on the Weather Bureau.” Its 


members are: Robert A. Millikan, director, Norman 
Bridge Laboratory of Physics, and chairman of the 
Executive Council, California Institute of Technol- 
ogy, Pasadena, Calif., chairman; Isaiah Bowman, 
chairman, National Research Council, and director, 
American Geographical Society, New York City; 
Karl T. Compton, president, Massachusetts Institute 
of Technology, Cambridge, Mass.; Charles D. Reed, 
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senior meteorologist in charge, Weather Bureau See- 
tion Center, Des Moines, Iowa. 

This committee submitted a report, based on a very 
thorough inquiry and study, in December, 1933. The 
report contains a number of recommendations, the 
two most important being: (1) An extension of the 
air-mass analysis method of foreeasting; (2) Con- 
solidation of weather and communication service 
under the Weather Bureau. 

Naturally, in so brief a period as has elapsed since 
the submission of this report, it has been possible 
only to make a beginning toward putting these and 
other recommendations into effect. Furthermore, the 
special committee itself has, in its report, sounded a 
note of caution against too precipitate a change from 
the old, well-established and quite efficient methods 
of forecasting to the newer, so-called “Air Mass 
Analysis” method. It was suggested that the transi- 
tion might well take place in the course of something 
like five years. This present statement must therefore 
be confined largely to an expression of what we hope 
to accomplish, together with an outline of such por- 
tions of the program as it may be possible to under- 
take in the very near future. 

(1) Air Mass Analysis: At the outset it should be 
emphasized that there is nothing particularly new in 
the “Air Mass Analysis” concept of foreeasting. It 
has been quite fully understood for many years, but 
its effective application has not been possible, because 
it requires a greater wealth of observational material 
than has heretofore been available. Briefly, air mass 
analysis consists of a detailed study of masses of air 
of decidedly different structure as to temperature, 
moisture and wind that meet along an irregular line 
variously referred to as a “discontinuity line,” “polar 
front,” “wind shift,” ete. These masses of air, cold 
and dry from polar regions, warm and humid from 
equatorial, do not readily mix but tend to preserve 
their individual identities, the warm, moist air being 
forced to rise above and flow over the denser cold 
air, with resulting condensation and precipitation and 
other attendant phenomena which give us most of the 
stormy weather characteristic of temperate latitudes. 

It will be seen at once that the chief requisite for 
such analysis is more detailed information concerning 
the structure of these conflicting masses of air. <Ac- 
cordingly, the first step in carrying out the recommen- 
dations of the Science Advisory Board was the forma- 
tion of an interdepartmental committee to determine 
what could be done along this line through coopera- 
tion. It is gratifying to be able to report that, as a 
result of this committee’s recommendations which 
have been approved by the secretaries of the depart- 
ments concerned, there are, beginning on July 1, 
1934, some 20 stations at which regular daily airplane 
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flights are made to a height of about 5 kilomete, MY 


These stations, comprising approximately an equal 
number to be operated by the Weather Burean, the 
War Department and the Navy Department, are quit, 
well distributed over the country. The flights ay 


made at essentially the same time at all of they, | 


In addition, at certain other stations and also on 7 
naval ships occasional flights are made during day. 
light hours, and the data from these flights will }. 
of considerable value, even though not representing 
conditions at the times of the regular daily flights, 

Thus, on July 1, a very definite beginning ya; 
made in securing data necessary for the extension of 
air mass analysis in foreeasting. Twenty stations wil] 
not be sufficient, but they at least mark a definite 
step toward the ultimate goal. 


(2) Communication Service: With regard to the Jf 


second major recommendation of the Science Advis. 
ory Board, that of consolidating weather and con- 
munication service under the Weather Bureau, it can 
only be said at this time that the matter is receiving 
thorough and careful study by an interdepartmenta] 
committee. No definite report on this matter can yet 
be made. 

Other recommendations: Several of the recommen- 
dations of the Science Advisory Board are designed 
to assist in carrying out the one concerning the 
adoption of air mass analysis, such, for exanfple, 
as those for the decentralization of the genera! fore- 
east service, special training of qualified personne, 
improved exposures of instrumental equipment, a 
increase from two to four observations daily and 
more detailed information in those observations. 
Concerning these recommendations it ean be stated 
that a program for putting them into effect has been 
outlined in detail, including arrangements for ¢- 
operation with other departments, and ineluding als 
estimates of additional personnel, funds and other 
facilities that will be required for the whole program. 
Moreover, a beginning has already been made 0 
some parts of the program. For example, in a few 
cases the observational work has been transferred 
from high office buildings in cities to nearby airports 
where excellent conditions of exposure are available. 
This is now a part of the regular policy of the 
Weather Bureau. Putting it into effect on a larg? 
scale will, however, require some time, since in the 
ease of the larger cities it will still be necessary ‘0 
continue observations in the cities themselves, fot 
local use of engineers and in court eases. In other 
words, duplicate records will be necessary, and this 
will require additional funds. The program will 
however, be carried out as rapidly as possible. 

Action has been taken to set up a Civil Service 
examination, looking to the appointment of a few 
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men of advanced training and experience in air mass 
analysis. It is expected that these appointments will 
be made in the early autumn. 

Much closer contact between central office and field 
officials and more frequent inspections of service gen- 
erally are a part of the program for this coming 
fscal year. It will not be possible, however, to do all 
that should be done along this line until more funds 
are provided. It should not be forgotten that the 
bureau’s appropriation has suffered a reduction of 
some $800,000 during the past two years, and that 
much of the service then given up should be restored. 
Adding new features now, therefore, while still work- 
ing on a greatly reduced budget is not a particularly 
easy task. 

In conclusion, it is desired to express the very great 
pleasure with which I have noted the fine spirit of 
cooperation on the part of officials of other bureaus 
and departments whose services are closely related 


Sto, or dependent on, that of the Weather Bureau; 


also, the enthusiasm of our own personnel in connec- 
tion with the new program and their eagerness in 
Then, too, the support of out- 
side organizations and individuals is most encourag- 
ing. In faet, as I see it, there has perhaps never 
been a period more potential of promise for real 
advances in meteorology than the present. The mar- 
velous developments in communications, particularly 
in radio, provide information regarding conditions 
in regions that have heretofore been inaccessible, thus 
vastly extending our meteorological horizon. The 
successful design and construction of fast-climbing 
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airplanes have resulted in giving us detailed data in 
the vertical. Improvements in instrumental appara- 
tus provide more accurate data. Finally, the organi- 
zation of strong meteorological courses at some of 
our leading educational institutions can not fail to 
yield large returns, both in research and its applica- 
tions and in highly trained personnel. 

I imagine that the most optimistic period in the 
entire history of meteorology was that when the first 
synoptic weather maps were drawn. Those who 
studied these maps and noted the changes taking 
place from day to day must have seen in them a 
promise of complete solution of the problems of 
foreeasting. This optimism was not realized in full, 
yet most of the success that we have since had in 
weather forecasting had its origin in what these early 
pioneers saw in the synoptic weather maps. 

We now likewise view the future with optimism. 
This optimism may not be fully realized, just as the 
other was not, but with the aid of the working tools 
to which I have referred, such as the extension of ob- 
servations in the horizontal and vertical through the 
media of radio and the airplane, respectively, to- 
gether with improvements in instrumental design and 
exposure and fundamental researches that are now in 
progress or in prospect, there seems to be little doubt 
that very real improvements will be realized in the 
accuracy of forecasts, in the period covered by them, 
and in the integrity and representativeness of the 
great body of statistical data that the Weather 
Bureau is accumulating through its far-flung net- 
work of observational stations. 


SCIENTIFIC EVENTS 


RESTRICTION OF THE NUMBER OF 
MEDICAL STUDENTS IN FRANCE 

AccorDING to a correspondent of the Journal of the 
American Medieal Association, Dr. Georges Portmann, 
professor of otorhinolaryngology at the Faculté de 
médecine de Bordeaux, elected senator last year, has 
introduced a bill designed to limit the number of stu- 
dents to be admitted to the facultés de médecine. In 
1930 the dean of the Faculté de médecine de Paris and 
the general seeretary of the Confédération des méde- 
cins de France ealled attention to the deplorable situa- 
tion in a eireular letter addressed to the parents of 
pupils in the lyeées, urging them to enlighten their 
children in regard to the future prospects of those 
Who, under present conditions, take up the study of 
medicine, The number of physicians in France has 
Increased from 16,815 in 1900 to 27,500 in 1928, 
Whereas in this period the population has increased 
only two million. In spite of warnings, the situation 


has grown steadily worse. The number of students 
enrolled in the French medical schools has risen from 
8,182 in 1929 to 9,780 in 1930, 9,842 in 1931, 10,242 in 
1932 and 10,338 in 1933. The number of government 
diplomas issued to doctors of medicine by all the fac- 
ultés de médecine was 1,076 in 1930, 1,102 in 1931 and 
1,397 in 1932. But these figures correspond to the 
number of students enrolled five or six years pre- 
viously. It is evident that in five years the number of 
graduates will be much greater. Overcrowding of the 
profession is reported from other countries. In Ger- 
many the Hitler government has recently decided that 
the number of medical students, which was 25,000 in 
1933, shall be reduced to 15,000 in 1934. The bill 
proposed by Senator Portmann is not so rigid. It does 
not fix any maximum. It provides that the total num- 
ber of medical students to be matriculated be fixed 
each year, according to the number of eivil, army, 
naval and colonial physicians required, by a commis- 
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sion composed of the minister of public instruction, 
the minister of public health, the Confédération des 
syndicats médicaux, and the ministers of war, the navy 
department and the colonies. The selection would be 
made in two stages, the first at the end of the prepara- 
tory studies leading to the premedical diploma in 
physies, chemistry and biology, which affords entrance 
to the facultés de médecine, and the second after com- 
pletion of the first year of study in the facultés de 
médecine. Only the number of holders of the pre- 
medical diplomas, as fixed by the ministerial commis- 
‘sion, plus 50 per cent., would be admitted to the fac- 
ultés de médecine, and this additional 50 per cent. 
would be eliminated at the end of the first year of 
medical study. This regulation would concern only 
candidates for the government diploma, which grants 
the right to practice medicine in France (and in Ru- 
mania). As to the students enrolled for a university 
diploma, a degree much sought by foreigners, no limi- 
tation will be placed on their number; but the later 
transformation of a university diploma into a state 
diploma will be made more difficult and will be brought 
into harmony with the number of state diplomas fixed 
by the projected legislation. 


THE PROPOSED MIGRATORY BIRD RE- 
SERVE IN THE NORTHERN SAND 
HILLS OF NEBRASKA 


AccorpinG to the New York Sun, a migratory bird 
reserve will be laid out in the northern sand hills of 
Nebraska by the Federal Government at the cost of a 
million dollars, the object being to provide a resting 
and nesting place for wild ducks, wild geese and other 
birds migrating between the Mexican gulf district and 
western Canada. One of the artificial lakes which will 
be constructed will cover more than 30,000 acres. 

The sand hills comprise a strip of land, about one 
hundred miles wide, running from South Dakota 
southward almost to the Platte River. Very little 
vegetation grows except in the small valleys between 
the hills, and even in these valleys grass is practically 
all that is produced. There are many small lakes of 
eool, clear, pure water, caused by filtration of rain 
through the sand. A number of these small lakes are 
to be included in the federal game reserve, and the 
government agents have concluded an arrangement 
with the Nebraska State Game Commission under the 
terms of which state laws on fishing will not be inter- 
fered with when the property becomes a part of the 
federal reserve. 

Nebraska is the stopping point for the birds be- 
tween their winter feeding grounds along the Gulf 
and their summer breeding grounds in western Can- 
ae ada. Nebraska has more miles of rivers and flowing 
: streams than any of the forty-eight states of the 
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Union, and in both spring and fall these streams are 
simply covered with the migrating fowl. 

The 30,000-acre lake will be formed by damming 
the Snake River, which passes through the resery, 
from west to east. This is not the Snake River , 
Idaho and Oregon, but a different and a smaller strean 
which flows into the Niobrara River. The Proposed 
reserve is mostly in Cherry County, Nebraska. Tip 
land is not very valuable. One ranch of about 10,09) 
acres is being taken over by the government at $8 a, 
acre. This ranch will be entirely covered by wate 
when the big dam is completed. Other lands are wor} 
$4 and $5 an acre. : 

The shortage of water in the last few years has loy. 
ered the water table in this district and many of the 
lakes are now but a fraction of their usual size, while 
the marshes are now pretty well dry. Water fron 
the Snake River dam will be turned into these smaller 
lakes by connecting canals, and they, as well as the 
marshes, will be brought back to normal. 

J. C. Salyer, director of the migratory waterfoy| 
program of the U. S. Biological Survey, is at the head 
of the government staff working on the project. Other 
government officials on the work are the chief agricul. 
tural engineer, the chief acquisition officer, the priv. 
cipal duck food biologist and the program’s coori- 
nator for Nebraska and South Dakota. : 































RESEARCH IN DENTAL MEDICINE AT 
HARVARD UNIVERSITY 


SEVEN research men in the Faculty of Arts and 
Sciences, the Medical School and the Dental Schou 
of Harvard University have been appointed by Pres- 
dent James B. Conant members of a University Con- 
mittee on Research in Dental Medicine. 

In recognition of the fact that modern dental re 
search is intimately bound up with and dependent 
upon research and expert knowledge in the fields of 
chemistry, biology and medicine, the committee la 
been given general supervision over research in the 
Dental School. Its province will be trifold: to pr 
mote important dental research; to act as a clearilg 
house for such of that research as is important 
other fields; and to provide official eontacts throug! 
which the Dental School can readily get assistance fot 
its research problems that overlap the other depart 
ments. 

The committee consists of Elmer P. Kohler, pr iiy* 
fessor of chemistry; Alfred C. Redfield, professor 0 
physiology and director of the Biological Labor i ° 
tories; Simeon B. Wolbach, Shattuck professor Mi" 
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professor of dental science and instructor in pathol- 
ogy, Harvard Medical School; Lawrence W. Beker, 
professor of orthodontia, and Dr. George P. Mat- 
thews, instructor in anatomy. Dean Leroy M. §. 
Miner, of the Dental School, will serve as a member 
ex-officio of the committee. 

The first project sponsored by the committee will 
be an elaboration of some research work in the effects 
of nutrition on teeth and their supporting structures, 
which has been carried on by Professor Howe, col- 
laborating with Professor Wolbach. 

The particular problem is as follows, in the gen- 
eral field of vitamin deficiency studies: 


1, Extension of studies now in progress on the mode 


® of action of Vitamin C or ascorbic acid to include: (a) 


testing, with seorbutie guinea-pigs, the activity of prod- 
ucts intermediate in the synthesis of ascorbic acid from 
xylose; (b) the preparation and testing of substances 
formed by systematic changes in the structure of ascorbic 
acid; (¢) an investigation of the manner in which 
ascorbic acid is produced by animals which are not sub- 
ject to scurvy. 

2. The study of the effects of inorganic deficiencies 
and especially the substitution of various elements for 
calcium in the diet. 

3. The study of intercellular materials as solvents in 
the living animal for diffusible materials introduced into 
the blood stream at a rate faster than elimination can 
take place. There is much evidence that sugars diffuse 
into collagen to a point of equilibrium with the accumu- 
lation in the blood stream so that the studies should 
begin with sugars. It is possible that sugars may play 
a role in ealeification of tissues. In any event, an at- 
tempt will be made to study calcified tissues, teeth and 
bone. It is to be anticipated that progress will be slow 
as the techniques required will have to be worked out. 


For this work the committee has received a Milton 
Fund grant of $8,000 for the year 1934-35. It will 
be under the immeditae supervision of Professors 
Howe, Wolbach and Kohler of the committee. 

It is proposed to obtain the assistance of a research 
organic chemist, who will develop the chemical as- 
pects of the problem, under the guidance of Pro- 
fessor Kohler. Dr. Wolbach will supervise the work 
in the pathological field, while Dr. Howe will continue 
his general nutritional experiments. 

Other projects now in progress deal with dental 


}caries, the most prevalent of all diseases, and with 


studies of the growth and development of the jaws 
and teeth. 

Since the naming of the Thomas A. Forsyth chair 
of dental science in 1925, there has been a liaison be- 
tween research activities of the Dental School and 
the pathological department of the Medical School. 
But until the present step there has been no general, 
official cooperation between the research staffs of the 
University and of the Dental School. 
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RECENT DEATHS 


Dr. JosePH FRANK McoGrecory, professor emeritus 
of chemistry at Colgate University since 1929, for- 
merly head of the department since its formation in 
1883, died on October 14 of injuries received in an 
automobile accident. He was seventy-nine years old. 


Dr. Cart LEOPOLD voN ENDE, head of the depart- 
ment of chemistry at the University of Idaho since 
1908, died on October 9 at the age of sixty-four years. 


HarotD DEWoLFE HATFIELD, professor of indus- 
trial engineering and head of the department of civil 
engineering at Rutgers University, died on October 13 
at the age of forty-six years. 


Dr. StuaRT CROASDALE, mining engineer and metal- 
lurgist, of Denver, Colorado, died on October 1 at the 
age of sixty-eight years. 


Sim ArtHur Scuvustsr, professor of physics at the 
University of Manchester from 1888 to 1907, secretary 
of the Royal Society from 1912 to 1920 and foreign 
secretary from 1920 to 1924, secretary of the Interna- 
tional Research Council from 1919 to 1928, died on 
October 14. He was eighty-three years old. 


Dr. Ropert Francis ScuarrF, late Keeper of the 
Natural History Collections, National Museum, Dub- 
lin, and seeretary of the Royal Zoological Society of 
Ireland, died on September 27 at the age of seventy- 
six years. He wrote on the origin and history of the 
European fauna, the fauna and exploration of caves 
in Ireland, the Atlantis problem and the distribution 
and origin of life in America. 


Proressor Sir EpgewortH Davin died at Sydney, 
Australia, on August 28 at the age of seventy-six 
years. A correspondent writes: “His death will be a 
great blow to many of his friends in this country and 
throughout the world. Sir David was the Antarctic 
explorer who led the expedition to the South Magnetic 
Pole; he was in charge of the successful Funafuti 
boring of the Royal Society to determine the origin of 
atolls; the teacher of almost every Australian geologist 
worthy of the name, and altogether one of the finest 
men that ever lived. He had been working since his 
retirement to complete his masterpiece, ‘The Geology 
of Australia, and I am happy to say that a letter 
which I have from him dated August 1 intimates that 
the book was finished, but that ill health due to wounds 
received during the war, where he was chief geologist 
of the Australian Corps, had been causing a great deal 
of suffering of late so that he feared his trip to En- 
gland to place his book in the hands of publishers 
would perhaps have to be delayed until New Year’s.” 
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SCIENTIFIC NOTES AND NEWS 


AT ceremonies held on the occasion of the open- 
ing of the new library at the University of Cam- 
bridge on October 22, the honorary degree of doctor 
of science will be conferred on Dr. Lawrence J. Hen- 
derson, professor of biochemistry at Harvard Univer- 
sity, and on Dr. Karl Landsteiner, of the Rockefeller 
Institute for Medical Research. 


A LIFE-SIZE bas-relief of Dr. Harvey Cushing, Mose- 
ley professor of surgery at the Harvard Medical 
School from 1912 to 1932 and now Sterling professor 
of neurology at Yale University, will be hung in the 
administration building. The presentation to the 
university has been made by friends, pupils and asso- 
ciates of Dr. Cushing, for whom a number of small 
bronze medal replicas have been struck. The artist 
is Paul Brodeur. 


THE degree of doctor of humane letters was con- 
ferred on Professor Albert Einstein at the opening on 
October 8 of Yeshiva College, New York City. Dr. 
David Eugene Smith, emeritus professor of mathe- 
maties at Columbia University, presented Dr. Einstein 
for the degree, and Governor Herbert H. Lehman de- 
livered the address of weleome, to which Dr. Einstein 
replied. 

PRESENTATION to Dr. John Uri Lloyd, of Cinein- 
nati, of the Procter International Award of the Phila- 
delphia College of Pharmacy and Science, in the form 
of a gold watch, in recognition of his contributions to 
the sciences promoting health, was made on October 9. 


Sm Henry Hatwettr Date, director of the British 
National Institute for Medical Research and secretary 
of the Royal Society, sailed for England on October 
13, after giving the principal address at the opening 
of the new laboratories of Eli Lilly and Company at 
Indianapolis. 


Dr. Lauper WILLIAM Jones, who for the past five 
years has been associate director of the Natural Sei- 
ence Division for Europe of the Rockefeller Founda- 
tion, is resuming his research and teaching as pro- 
fessor of chemistry at Princeton University. 


Dr. Cotuier Coss, since 1893 professor of geology 
at the University of North Carolina, has been awarded 
one of the three Kenan emeritus professorships in 
the gift of the university. 


Proressor. JAMES E. Boyp has resigned as chair- 
man of the department of mechanics of the Ohio 
State University after serving for twenty-eight years. 
The resignation applies only to executive duties in- 
volved in the chairmanship. Professor Perey W. 
Ott has been designated his successor. 


Dr. Arraur E. Ruark has been appointed head 


of the department of physies at the University ,» 
North Carolina. 


Lewis W. Taytor, assistant professor of Poultry 
husbandry, at the University of California at Berk. 
ley, has been appointed chief of the poultry depay. 
ment. 


Dr. Lerr VERNER, assistant horticulturist at th 
University of West Virginia Agricultural Experime; 
Farm, has been appointed professor of horticultyy 
at the University of Idaho. Dr. Verner takes th 
place of Professor C. C. Vincent, who died on Auguy 
19, after serving for twenty-four years. 


Dr. A. Ricwarp Buiss, JR., has been appointed jy 
the professorship of pharmacology and to the new) 
created office of dean of pharmacy at Howard Colleg, 
Birmingham, Ala. 


Cuester M. Auter, who for the past two years ha 
been research associate in geophysics at Harvard Uni. 
versity, has become a member of the faculty of Boston 
University, where he will have charge of the cours 
in analytical chemistry. 


Dr. GABRIEL SZEGOE, professor of mathematics in 
the University of Konigsberg and a representative of 
the German-Hungarian mathematical school, la 
joined the faculty of Washington University, & 
Louis, where he will teach during the coming year. 


Dr. D. E. Rurwerrorp has been appointed lecture 
in mathematics and applied mathematies in the Unite 
College at the University of St. Andrews. 


Industrial and Engineering Chemistry states that 
Dr. Charles H. Herty, Jr., has been appointed a r- 
search engineer in the Development and Research De 
partment of the Bethlehem Steel Company. Iv. 
Herty was formerly director of research of the mining 


and metallurgical advisory boards of the Carnegie li @ 


stitute of Technology. 


Auan T. Cuapman, for the past two years a \e 
tional Research Fellow in Chemistry at the Gates 
Chemical Laboratory, California Institute of Teel 
nology, has accepted a position as research chemit 
with the R. and H. Chemicals Department, E. I 
Pont de Nemours and Company, Ine., Niagara Fal 
ma. 


$m Harry Avexanper Fansuawe Lainpsay wil 
sueceed Lieutenant-General Sir William Furse, wi 
retired from the post of director of the Imperial 1 
stitute, South Kensington, on September 30. 


By an order of the Committee of the British Pry 
Council, made after consultation with the Medical 
Research Council and with the president of the Roy! 
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Society, Dr. A. J. Clark, professor of materia medica 
at the University of Edinburgh, and Dr. J. C. G. 
Iedingham, director of the Lister Institute of Pre- 
ventive Medicine and professor of bacteriology in the 
University of London, have been appointed members 
of the Medical Research Council, in succession to Sir 
Charles S. Sherrington and Dr J. A. Arkwright, who 
retired in rotation on September 30. 


Dr. Marius P. Rasmussen, professor of market- 
ing in the College of Agriculture at Cornell Univer- 
sity, is condueting surveys in various states for the 
Farm Credit Administration on the movement of 
agricultural commodities by truck, as a basis for a 
possible change in government methods of reporting 
crop movements. 


B. D. Moses, associate professor of agricultural 
engineering at the University of California, is mak- 
ing a study of engineering problems arising from the 
use of ethylene gas in maturing walnuts, in conjunc- 
tion with the United States Department of Agricul- 


ture. 


Dr. LoweLL E. NOLAND, associate professor of 
zoology at the University of Wisconsin, is collecting 
and working up material for his forthcoming mono- 
graph on the Ciliates of the United States, at the 
Bass Biologieal Laboratory, Englewood, Florida. 


THe General Education Board has made a grant 
allowing a year of study and research in the Galton 
Laboratory of the University of London to Dr. A. 
E. Brandt, assistant professor of mathematics in the 
Towa State College. He will work under Dr. R. A. 
Fisher on the application of statistics to fundamental 
problems in biology. 


ProressoR LeonaRD A. Maynarp, of Cornell Uni- 
versity, recently returned from a six months’ visit to 
China, where he made a study of the food consump- 


mon of Chinese farm families. The project of edu- 
jcating the Chinese farmer to improve his crops is 


being undertaken by the University of Nanking. For 
the last six years the College of Agriculture has been 
cooperating in this work by sending one professor to 


pChina each year. The University of Nanking has 


defrayed travel and maintenance expenses of the 
visiting professors and all expenses in connection 
vith the plant breeding work at Nanking. 


THE first Jmith-Reed-Russell lecture at the School 
of Medicine of the George Washington University 
was given by Surgeon-General Robert U. Patterson 
on October 18. 


Dr. James §. MoLzsrer, professor of medicine at 
he University of Alabama and president-elect of the 
American Medical Association, delivered the annual 
orgas address before the La Fayette Guild Chapter 
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of the Gorgas Medical Society at the University of 
Alabama on October 3. His subject was the “Drift- 
ing Sands of Medical Practice.” The occasion was in 
commemoration of the eightieth anniversary of the 
birth of William Crawford Gorgas. 


THE fifty-second annual meeting of the American 
Ornithologists’ Union will be held in Chicago, from 
October 22 to 26. Monday, October 22, will be occu- 
pied with business sessions which will be held at the 
headquarters in the Hotel Stevens. Tuesday, Wednes- 
day and Thursday will be devoted to public sessions 
in the Field Museum of Natural History, beginning at 
9:30 a. M. and 2 P. M., at which papers will be pre- 
sented summarizing recent work in various phases of 
bird study. The annual dinner will be held on Wednes- 
day evening at the Hotel Stevens, and on Friday 
members will visit the Zoological Gardens at Brook- 
field recently opened by the Chicago Zoological 
Society. 


THE fifteenth annual meeting of the Mineralogical 
Society of America will be held at the University of 
Rochester, N. Y., on December 27, 28 and 29, in con- 
junction with the Geological Society of America. 
Headquarters and place of registration will be in the 
Chester Dewey Building. The first session will be held 
at 2 p. M. on Thursday, December 27. It is planned 
to publish in the December issue of the Journal of the 
society a preliminary list of the titles of the papers 
to be presented before the society at its annual meet- 
ing. In order to appear on the advance program, 
titles of papers should be in the hands of the secretary 
by November 10. The secretary will send an abstract 
blank, which should be filled out and returned, as all 
titles must be accompanied by abstracts before they 
ean be accepted for the final program. 


AT a meeting of the Section of Neurology and Psy- 
chiatry of the New York Academy of Medicine, on 
October 9, there was presented a symposium on acute 
anterior poliomyelitis, which included the following 
papers: “Pathogenesis,” by Dr. Maurice Brody and 
Dr. Arthur R. Elvidge, of McGill University; “Im- 
munization,” by Dr. William H. Park; “Abortive 
Cases as Protective Agents against Epidemics,” by 
Dr. John R. Paul and Dr. James D. Trask, of Yale 
University Sehool of Medicine; “An Experimental 
Approach to the Problem of Resistance,” by Dr. C. 
W. Jungeblut. Dr. John L. Rice, commissioner of 
health of New York City; Dr. Josephine Neal, Dr. 
Frederick Tilney, Dr. Bernard Sachs and Dr. George 
Draper took part in the discussion. 


A CORRESPONDENT sends to Science the following 
deseription of the fall of a meteor given in The News 
and Courier of Charleston, S. C., for September 14. 
“A meteor that lit up the skies in this vicinity ‘as 
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bright as day’ and was reported sighted as far south 
as Jacksonville and as far north as Florence, flashed 
through space a few minutes after 1 o’clock this morn- 
ing. The first report of the meteor came to The News 
and Courier from C. M. Dempsey, night watchman at 
the port terminals. Mr. Dempsey said that the day- 
light continued for at least five seconds. His report 
was followed quickly by a message from the Atlantic 
Coast Line railroad saying that radio operators all the 
way from Florence to Jacksonville had reported the 
meteor. Several other phone calls were received from 
persons in this section. Mr. Dempsey said also that 


he had seen two smaller meteors a few minutes afi, 
9 o’clock last night.” 


Tue Connecticut Arboretum at Connecticut Collegg 
was dedicated on October 6 with U. 8. Senator Fray. 
eric C. Walcott as the principal speaker. The ar}, 
retum consists of about sixty acres of the Conneetiey, 
College property which has been set aside for th 
preservation and propagation of the native plant \jf, 
of Connecticut. Planting in the area will be doy 
under the direction of Dr. George 8. Avery, Jr., py. 
fessor of botany at the college and director of ty 
arboretum. 


DISCUSSION 


BACKGROUND OF MATHEMATICS IN 
AMERICA 

THE history of mathematics in America is greatly 
illuminated by the history of the coeval mathematies 
in Europe. For more than a hundred years after the 
discovery of America (1492) none of the English 
universities had established a chair of mathematies. 
The first such chair was founded at Gresham College, 
London, in 1596 and the second at Oxford in 1619. 
The first appointee to both of these chairs was H. 
Briggs (1556-1630), who is widely known in connec- 
tion with tables of logarithms, and who has the singu- 
lar distinction of holding in succession the two earliest 
chairs of mathematics that were founded in England. 
Cambridge University, England, did not establish a 
professorship of mathematics until 1662, more than 
a quarter of a century after Harvard University was 
founded (1636). The first appointee to this chair 
was I. Barrow, who resigned seven years later in 
favor of his pupil, I. Newton, who made this chair 
famous for all times. 

The slowness with which mathematics was empha- 
sized in the schools established by the early white 
settlers in our country is partly explained by the fact 
that these settlers left their native countries before 
mathematics was commonly regarded as an essential 
part of a liberal education. The pioneers who came 
to our land to explore and develop a new country 
were paralleled at home by the equally aggressive 
mathematical pioneers who entered into the then new 
and unexplored fields of analytic geometry and cal- 
eulus. The fact that the latter pioneers did not mix 
with the former explains why no American contem- 
porary of R. Descartes, I. Newton, G. W. Leibniz, 
the Bernoullis, A. L. Cauchy, L. Euler and J. L. 
Lagrange can be found who can be favorably com- 
pared with any of these from the standpoint of 
mathematical contributions. Just as in other coun- 
tries, so in our country the development of mathe- 
matics did not prosper until positions were established 
which were filled by those selected on account of 


proved ability and which afforded their incumbent 
leisure to develop these abilities. 

Early American mathematics as derived fron 
Europe was quite cosmopolitan, just as the white 
settlers in America came from various Europea 
countries. In view of the relatively great mathemati. 
eal advances made in France shortly after the Rew. 
lutionary War and the aid rendered by France duri 
this war to the colonies which later became the United 
States, it is natural that French mathematicians hai 
a dominating influence on American mathematics i 
that time and that a relatively large number of French 
text-books were translated for use in American school 
during the first half of the nineteenth century. Du- 
ing the second half of this century German mathemat- 
cians attracted most of our mathematical students wiv 
went abroad for further study and they continued t0 
do so up to the beginning of the world war. 1k 
unexcelled opportunities afforded by some of our om 
universities are, however, now commonly recognize, 
but the background of American mathematics is stil 
decidedly European, even if some of the useful receat 
extensions exhibit fruitful American cooperation. 

The fact to be emphasized about American maile 
matics is that it is essentially a mathematics 
cooperation with European mathematicians and li 
no decidedly distinctive features. It is true that » 
early times the applications to surveying, navigati0! 
and astronomy were especia!ly stressed, but this hui 
been done elsewhere in the early development of ow 
subject and hence it did not give rise to a new typ 
of mathematics. Nearly all the contributions towatls 
the development of mathematics in our country 
due to professors in our universities. Although Hs 
vard is the oldest American university it was not tl 
first to establish a chair of mathematics. Such a chi! 
was first founded at William and Mary College wiit! 
is next to Harvard in seniority (1693) and provide! 
for such a chair in its charter, which seems to hi" 
been first filled in 1711 by the appointment of a m” 
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an send out costly expeditions, and yet declare they 


named Le Fevre, about whom little is known. None 
f the professors of mathematics in our early univer- 
sities can be compared favorably with the best of 
heir contemporaries in Europe holding similar posi- 
ions up to the latter half of the nineteenth century, 
chen B. Peiree, of Harvard, began to make valuable 
ontributions to the advancement of our subject. 


G. A. MILLER 
UNIVERSITY OF ILLINOIS 


SCIENTIFIC LITERATURE 


ProressoR VISSCHER’S article in Science of Sep- 
ember 14 (p. 245) describes a difficult situation, but 
I think there are serious objections to his proposed 
remedy. I venture to call attention to a case in which 
t seems to me that the library difficulty has been 
airly overcome. Economie entomology has in modern 
imes developed to an enormous extent and has be- 
ome exceedingly diversified. Works relating to it 
ontinually appear in many countries, in all sorts of 
anguages, many for instance in Russian. If some 
ugency would bring all these books and papers 
promptly to my desk on publication, I could not find 
ime to read them, and in many eases, owing to the 
anguage, I could not read them at all. Many, per- 
haps most, are primarily intended for use in particu- 
ar regions, or by particular classes of people, yet 
hey usually contain something of broader interest. 
Now the Imperial Institute of Entomology, in Lon- 
jon, produces monthly the Review of Applied Ento- 
ology, in two series, A. Agricultural, B. Medical and 
feterinary. It is strictly up to date; thus I find the 
August, 1934, issue contains abstracts of articles 
ceived during June and July of the same year. 
The reviews or abstracts are sufficiently full to give 
n excellent idea of the work done, and usually in- 
lude most of the matter of general interest. I have 
hot rarely had the experience of reading an article, 
nd not fully appreciating its significance until I 
ead the abstract in the Review. In about two hours, 
ach month, I am able to run over the whole field of 
urent economie entomology, and note the matters 
which are of particular interest to me. Frequently 
note discussions of broad biological interest, such 
those on the carrying of insects by air currents, or 
hose on the diverse forms of malaria mosquitoes. 
The cost is negligible; the price is to be raised next 
year, but even then it will be less than a dollar a 
month. The two prime features are (1) promptness 
nd (2) well-written and sufficiently full reviews by 
eople who know the subject. 
When we-consider how and why money is expended 
this country, it seems ridiculous to complain about 
'@ cost of printing scientific papers. Institutions 
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ean not afford to pay for printing the results of the 
work of their staff. One of the best known and most 
highly esteemed scientific explorers in this country 
told me that he found it comparatively easy to raise 
money for an expedition, almost impossible to get it 
for publication, which is after all the result and pur- 
pose of the expedition. The whole situation depends 
on a wrong mental attitude and not on any real lack 
of power to accomplish what ought to be done. The 
lamentable consequence is that competent men will not 
spend their best years doing work of a comprehensive 
or fundamental character, not knowing how or 
whether it can be printed. i recently heard the story. 
of one of the best entomological works produced in 
this country during the present century. The author 
had to put up $10,000 to get it published. For- 
tunately, the sales have been sufficient to repay the 
money, I presume without interest. But how many 
of us can afford to provide such a subsidy? The 
actual work on the book over many years brings of 
course no financial reward, nor was it expected to 
do so. Is it not conceivable that a more enlightened 
day will come when such an author will be considered 
a great public benefactor and will be relieved of all 
financial anxiety concerning publication? 

Returning briefly to the problem of the reader and 
the library, what we especially need are good synopses 
which bring out the salient known facts and serve to 
guide the reader to the detailed literature. As ex- 
amples of this type of work I think especially of two 
which have been published very lately. One is “The 
Classification of Insects: a Key to the Known Fami- 
lies of Insects and Other Terrestrial Arthropods,” by 
C. T. Brues and A. L. Melander, published by the 
Museum of Comparative Zoology, Harvard, 1932. 
The other is “The Families and Genera of North 
American Diptera,” by C. H. Curran, 1934. As time- 
savers and preventers of error, such works can hardly 
be overestimated, although, in the nature of things, 
they can not attain perfection. They enable the 
worker to review the field of his science and stimulate 
him to search for new facts which will add to or cor- 
rect the record. 


T. D. A. CocKERELL 
UNIVERSITY OF COLORADO 


PHOTODYNAMIC ACTION OF METHYLENE 
BLUE ON PLANT VIRUSES 

Prrprau and Todd,’ studying the photodynamic 
action of methylene blue on nine animal viruses and 
on several strains of bacteriophage, found that the 
viruses of vaccinia, herpes, fowl-plague, louping-ill, 
Borna disease, Fujinami’s tumor and canine distem- 
per, as they exist in filtrates or other fluids devoid of 


r~ Roy. Soc., B, Vol. 112, pp. 277 to 287 and 288 
to 297. 
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living cells, as well as several bacteriophages, were 
highly sensitive to the photodynamic action of methy- 
lene blue. When exposed to suitable illumination a 
concentration of 1 part in 100,000 of dye in contact 
with the virus inactivated each of these viruses within 
a few minutes. The viruses of foot-and-mouth dis- 
ease and of infectious ectromelia were found to be 
more resistant but could be inactivated by increasing 
the intensity of the illumination. 

Since no similar studies have been reported for 
plant viruses, the following experiments, details of 
which will be reported later, may be of interest. 

In the main the technique of Perdrau and Todd was 
used for studying Wingard’s ringspot, streak (single 
virus streak of tomato), Tobacco Virus 1 (Johnson) 
and Tobacco Virus 6 (Johnson)—also known as 
aucuba mosaic virus. Ten ce of the virus-dye mix- 
tures at pH’s of 5.8 to 6.0 were exposed in petri 
dishes to a 500 watt lamp at a distance of 26 inches. 
At various intervals 0.10 ec of the virus-dye mixtures 
were removed and used to inoculate test plants. 


Vou. 80, No, 27 


As judged by infectivity tests on tobacco and q, 
cumber, ringspot virus was completely inactivat 
after two minutes’ exposure. After 20 minutes’ oy. 
posure the virus of streak was not inactivated, though 
the number of local lesions produced on N. glutinosg 
showed that the concentration had been slightly 1. 
duced. Tobacco Virus 1 and 6 showed no reductig, 
in conceatration, even after an exposure of one hoy 


Tobacco Virus 6 (Johnson) was also exposed yf 


pH’s of 3.0, 7.0 and 8.0 to thionine, potassium indigo. 
disulfonate and phenol-indo-phenol. The virus ep. 
centration as evidenced by the number of local lesions 
produced on N. glutinosa showed no apparent redy. 
tion as a result of this treatment. 

From these experiments it would seem that in gep. 
eral plant viruses are more resistant to the photo. 
dynamic action of dyes than are animal Viruses 
bacteriophage. 

JORGEN M. BirKeE an, 
National Research Fellow 
RoTHAMSTED EXPERIMENTAL STATION 


SCIENTIFIC BOOKS 


RELATIVITY, THERMODYNAMICS AND 
COSMOLOGY 


Relativity, Thermodynamics and Cosmology. By 
RicHarp ToLMAN, Oxford at the Clarendon Press. 
497 pp. 1934. 


TotMAN’s Buch ist eine zuverlissige, ausfihrliche 
und klare Darstellung des gesamten Inhaltes der 
speziellen und der allgemeinen Relativitatstheorie. 
Dabei hat sich der Verfasser mit scharfem, kritischen 
Sinn auf eine phanomenologische Darstellung be- 
schrankt und die zahlreichen Versuche unberick- 
sichtigt gelassen, den Zusammenhang zwischen Gravi- 
tation und elektromagnetischem Felde sowie die 
Struktur der Materie durch die Methoden der Rela- 
tivitatstheorie aufzuhellen. Dies erscheint durehaus 
berechtigt, da keiner dieser voneinander grundsatzlich 
verschiedenen Versuche bisher zu irgendwie tiberzeug- 
enden Ergebnissen gefiihrt hat. Auch die Versuche 
einer relativistischen Behandlung der Quantentheorie, 
die bekanntlich bisher nur zu Teilerfolgen gefihrt 
haben, sind in dem Buche nicht beriicksichtigt. So ist 
es dem Verfasser nach meiner Ansicht gelungen, eine 
systematische Behandlung derjenigen Methoden und 
Ergebnisse der Relativitatstheorie zu geben, die dazu 
berufen zu sein scheinen, in jede spiatere, in den 
Mechanismus des Geschehens tiefer eindringende 
Theorie einzugehen. 

Besonders eingehend sind diejenigen Gegenstande 
behandelt, an deren methodischem Ausbau der Ver- 
fasser selbst hervorragend beteiligt war: die relativ- 


istische Fassung der Thermodynamic und das soge. 
nannte kosmologische Problem, d.h. das Studium der 
Struktur des Raum-Zeit-Kontinuums im _ Grosser, 
welches von der raumlichen Ungleichmiissigkeit der 
(astronomischen) Materie-Verteilung im Kosmos 
abstrahiert. Beziiglich des kosmologisechen Problems 
eine Bemerkung, die sich nicht nur auf dies Buel, 
sondern auf alle neueren Publikationen iiber diesen 
Gegenstand bezieht: Die Einftihrung der kosmolog- 
ischen Konstante in die “Feld”-Gleichungen war 
zuniichst eine scheinbare Notwendigkeit, solange ma 
daran festhalten zu miissen glaubte, dass die mittlere 
Dichte der Materie bezw. Energie in der Welt vo 
der Zeit unabhangig sei. Die Einfiihrung eme 
solehen Konstante ist aber vom theoretisch-formale 
Standpunkt eine reine Willkiir. Seitdem empiristh 
die Expansions-Bewegung der Stern-Systeme bekanst 
geworden ist, besteht vorliufig fiir die Einfihruyg 
jenes Gliedes weder ein logischer noch ein physikal 
ischer Anlass. Es scheint deshalb natiirlich, bei de 
Behandlung des kosmologischen Problems von ‘e 
Kinfiihrung des A-Gliedes abzusehen, solange si‘) 
fiir dessen Hinfiihrung keine zwingenden Griinde 
der Erfahrung gefunden haben. 

Besonders verdienstlich finde ich an Tolman’s Buch 
die erschépfende Behandlung der fiir die Nebel nach 
der Theorie zu erwartenden Gesetzmissigkeiten ; det! 
diese erscheinen in erster Linie dazu geeignet, unset 
Kenntnisse iiber die Struktur des Raum-Zeit-Kor 
tinuums zu vervollstindigen. 

Aupert EINsTely 
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COLLOIDAL PHENOMENA AND CLASSICAL 
THEORY 
Colloid Chemistry. By ArrHur W. THomas. Me- 

Graw-Hill Book Company, Ine., pp. 1-512, $4.00, 

1934. 

AppLicATIONS of classical chemical ‘theory to the 
phenomena of colloidal chemistry have become in- 
weasingly numerous and successful in recent years. 
Professor Thomas has adopted this point of view in 
his “Colloid Chemistry” with marked success. The 
more important phenomena have been discussed in 
detail with complete references to the literature, 
but the book does not attempt to cover the entire 
sold. “Clouds and Smokes,” “Brownian Movement,” 
“Liquid Dispersed Systems,” “The Nature of Micelles” 
are thoroughly diseussed and interpreted from the 
pint of view of classical chemistry. Protein and 
arbohydrate colloids are diseussed separately and 
oeb’s theory of the behavior of protein solutions is 
accepted in general. There are shorter discussions of 
precipitation by electrolytes, surface phenomena, ab- 
sorption, foams, emulsions, gels and jellies, and also 
Schapters on the experimental methods, such as dialysis 

ind ultra-filtration and the preparation of colloidal 

solutions. 

In the reviewer’s opinion the experimental part is 
elatively too detailed, while some of the subjects, 
uch as gels and jellies, could be expanded to advan- 
age. The biological phenomena, such as agglutina- 
ion of bacteria, the preeipitin reaction and enzyme 
actions are not discussed. On the whole the book 
urnishes a very clear introduction to the theory of 
tolloidal reactions. 










JOHN H. NorTHROP 
THE ROCKEFELLER INSTITUTE 
FOR MEDICAL RESEARCH 
PRINCETON, N. J. 


THE PRACTICAL APPLICATIONS OF 
ACOUSTICS 


Applied Acoustics. By OLSON AND Massa. P. Blak- 
f iston’s Son and Company. Pp. 430+ xiv, 1934. 


Acoustics, as one of the classical divisions of 
physies, has been a field of investigation for many 
listinguished philosophers and scientists from ancient 
imes. The great mass of our present knowledge of 
le subject in its more purely scientific aspects is con- 
ined in the classical works of v. Helmholtz and 
ord Rayleigh, but through the development of new 
nstrumental means of investigation and the coordi- 
te development and invention of other scientific 
Pparatus during the past few decades, greater prog- 
ss has heen made in experimental acoustics, and in 
S application to our daily life, than in all previous 
thes. This development was also facilitated through 
ne general recognition of the close relationship be- 
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tween the problems of acoustics and of electrical 
circuits. 

A number of excellent treatises have been published 
in the last few years which have presented these mod- 
ern developments from different points of view. The 
book under review deals with the subject, especially 
with reference to its modern applications. The 
authors, as physicists in the laboratories of one of our 
larger industrial organizations interested particularly 
in the manufacture of acoustical equipment, have 
themselves made a number of notable contributions. 
They are therefore well qualified to give up-to-date 
information on the present status and trend. 

The greater portion of the book is devoted to a 
deseription of the characteristics of the more impor- 
tant types of modern electro-acoustic transducers, 
such as microphones, receivers and loud speakers, and 
of methods for determining their performance. Em- 
phasis is laid particularly on such instruments as have 
found application in radio broadeasting and talking 
pictures. The illustrations for these are taken mainly 
from the laboratories or manufacturing department 
of the organization with which the authors are con- 
nected. 

The book limits itself to those instruments and 
methods which will be found useful in a modern 
acoustical engineering laboratory. No mention is 
therefore made of acoustical research methods which 
may have considerable historic interest but little use 
to-day. A chapter each is devoted to architectural 
acoustics and noise measurements. 

The discussion within the descriptive part of the 
book, while entirely sound, is in a form that may be 
easily followed by any one familiar with the elements 
of mechanics and of alternating current theory. For 
those wishing to obtain a more thorough understand- 
ing of the principles underlying applied acousties 
several chapters at the beginning of the book are 
devoted to fundamental classical and modern acousti- 
eal theory. For the reading of these a somewhat 
wider mathematical knowledge is required. 

The book should be helpful to students who wish 
to familiarize themselves with the latest developments 
in applied acoustics, as well as to research workers 
of acoustical laboratories. . OC Weer 


A MANUAL OF THE RUSTS 
Manual of the Rusts in United States and Canada. 
By JosepH CHarues ArtHur. Purdue Research 


Foundation, Lafayette, Indiana, pp. xv + 438, with 
487 figs., 1934. 


THE plant rusts with their complicated life-his- 
tories conditioned by variable spore-forms, strict 
parasitism and heteroecism have always been a diffi- 
cult group taxonomically. The earlier and most of the 
later investigations have been analytic. We have 
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names based on separate spore-stages, host-specializa- 
tion and obscure structural characters. In the present 
manual the author has taken the great mass of details 
accumulated by these numerous and varied analytic 
studies and has attempted to synthesize them in a 
manner to show new conceptions of relationship. A 
presentation is here available which combines the 
practical view-point of identification with the biologi- 
eal consideration of relationship and does it without 
much nomenclatorial disturbance. Even if the de- 
tailed results are not always acceptable the method is 
stimulating and the objective laudable. Botanical 
science is fortunate to have this notable work from 
the laboratories of one so eminently qualified by years 
of research devoted to this group of parasitic plants. 
Long experience and availability of a great collection 
are important factors in the development of such a 
contribution. 

There are many collectors who will weleome a book 
which will be serviceable in the determination of 
species of rusts. The treatment of this group in Vol. 
7 of the North American Flora (New York Botanical 
Garden) while entirely systematic is without notes or 
illustrations and is based on a classification diffieult 
for any but the specialist to master. A book on the 
“Plant Rusts,” by Dr. Arthur (and several collabora- 
tors) in 1929 is biologie and not systematic. 

The present volume supplements these earlier works 
and fills a need not supplied by them. For some years 
there have been available systematic treatments of the 
Uredinales by various authors for England, Switzer- 
land, Australia, New Zealand, South Africa and many 
other regions. There are also available numerous 
state lists (California, Indiana, Oregon, Delaware, 
Pennsylvania, ete.) by different authors, but this is 
the first workable comprehensive account for the 
United States and Canada. Greenland, Newfound- 
land, Alaska and the Aleutian Island are ineluded. 

There are several features of great biological in- 
terest. One of these is the record, even though brief, 
of cultures. The vast amount of such work which has 
been carried on by the author and his assistants can 
not fail to make an impression. Cultures have been 
a most important aid in establishing species, complet- 
ing life histories and determining relationships. 

The classification which the author says shows “the 
relationship of species and genera as consistent with 
the present state of knowledge as lineal arrangement 
permits” is also of biological interest. Two families 
are recognized, the Melampsoraceae and the Puc- 
ciniaceae, the first represented by four tribes and the 
second by three. There are in all 32 genera and 5 
form-genera. Many workers who are familiar with 


Vol. 7 of the North American Flora will be glad to 
see the genera Puccinia and Uromyces reappear. 
Equally satisfactory is the inclusion of mierocyelic 
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and macrocyclic species, formerly referred to distines 
genera by the author, in the same genus, Specie 
identity is maintained. This arrangement makes ; 
possible to indicate relationships more clearly, }, 
show relationship still further some genera are sy}, 
divided into sections rather than splitting them jn, 
separate genera, and some species are subdivided jpj, 
varieties rather than separating them into specie 
The most novel feature to indicate relationship jg F 
what might be called the “aggregate species.” 1}; 
is really a group of forms, more or less distinct, ep. 
sidered to represent a broken ancestral species, Thp 
group is treated in the key_as if it were still on 
species, but the nomenclature is arranged so that each 
component retains its identity. In this way apy 
brought together full cyele and reduced species which 
are beyond doubt related. This method of grouping 
is carried out to the greatest extent in the gems 
Puccinia. By using a single number for these “aggr. 
gates” the author states that he has reduced the 
numbers for this genus in the key from 419 to 332 » 
approximately 26 per cent. 

A desire to accept the International Rules 
Nomenclature is expressed, but “two deviations” ar 
admitted, one an exception and the other an inter 
pretation. The case for taking these liberties is wel 
presented. The exception is the date for the begin 
ning of nomencelatorial priority, 1753 and not -18l 
being used. It is claimed that following the mb§ 
would mean the substitution of five unfamiliar specie 
names for well-known names. 

The interpretation has to do with the question d 
whether names applied in the form-genus Uredo ar | 
to be recognized. The rule‘is not clear, but the argv- ; 


-_~_, a EE... llc 


















ment presented by Dr. Arthur in favor of their recog- 
nition is clear and doubtless will be convincing 
many mycologists. It is very certain that according 
to the rules names applied to aecial stages are 
cluded from nomenelatorial priority and this Dt 
Arthur accepts. But as to the other point the rlsiip,, 
read that names applied to the “perfect state” musi st 
be recognized and defines the “perfect state” not 8 
the teleutospore or its equivalent but as that whi 
“ends in the teleutospore or its equivalent.” Tig: 
uredo stage is a part of the “perfect state” uniag™mine 
such a definition, and in this work recognition is giv 
to it. A 

The press work and make-up of the book are attra-gygeea 
tive. An interesting feature is a list of authors {ujgjjone 
rust species (prepared with the assistance of Dr. J. 
Barnhart). Four pages are required for this | 
Many of us will be glad to have this to consult ij™jjmot 
order to know the full name of the various worke 0a 
The dates of birth, and of death for those not “0! Whe 
temporary, are added and serve to make the list § 1( 
more interesting. A short glossary is ineluded. 4 








it ME yeview would be incomplete without favorable refer- 
fc MME ence to the illustrations, all of which have been pro- 
it ME vided by Mr. George B. Cummins, of Purdue Uni- 
1) MEE versity. Unnecessary apology is made because space 
b. HME does not permit the depiction of variation in the 
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shape and size of the spores. The illustrations are 
well done and will be much appreciated by all users 
of the book. 
FRANK D. Kern 
THE PENNSYLVANIA STATE COLLEGE 


“f™/ cCIENTIFIC APPARATUS AND LABORATORY METHODS 


is ME FLEXIBLE CONTROL OF SPEED AND FOCUS 
FOR MOTION PICTURE CAMERAS 

Many phenomena of nature that progress slowly 
can be studied to advantage from motion picture pho- 
tographs taken at appropriate intervals of time. The 
flm may be speeded up to a convenient duration and 
repeatedly shown until the process is familiar to the 
experimenter and his audience. Such equipment has 
been used for many years* and the chief remaining 
difficulties to be solved in adapting the motion picture 
camera for such records are a constant speed motor 
and a simple means of focusing the camera. 

The larger double telechron motor (M-43) is light 
enough to be attached readily by a bracket (G) to 
the stand (H) supporting the camera, Figs. 1 and 2. 















































Hics.land 2. Telechron motor and the attachment to the 
stand (H) which supports the motion picture camera. 







As there is practically no vibration, no special mount- 
ing is necessary when the stand is placed on a rubber 
kneeling pad held by bolts to the baseboard with a 
rubber stopper between the stand and the bolthead. 
‘ motor may be obtained with a built-in reducing 
sear so that the motor shaft (A, Fig. 1) will turn 
ne revolution per minute. Suitable gears (B and 
D) may be interposed to give the camera drive shaft 
(E) any desired speed. One of the bolts holding the 
motor should have several positions (JJ’, Fig. 2) 
0 allow for the different distances between the shafts 
when the gear combinations have a different total 


‘0. O. Heard, Jour. Biol. Photog. Assoc., 1: 4-19, 
82; O. W. Richards, ibid., 2: 39-55, 1933. 
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number of teeth. These inexpensive gears may be 
changed easily to give the outfit the necessary flexibil- 
ity which is lacking in the commercial models now 
on sale at prohibitive prices. A drum (C) is pro- 
vided with electrical contacts (F and I) so that a 
magnetic shutter may be operated synchronously with 
the camera. 

The telescope (K) of a nasal pharyngoscope? may 
be used to see the focus of the image on the film in 
the camera. A bracket (M) gives strength and sup- 
port and a movable stop (L) holds the pharyngoscope 
at the proper level in the camera. The stop will also 
hold it above the film when it is not being used or it 
may be removed entirely from the camera and a stop 
placed in the hole to exclude light. The tube of the 
pharyngosecope is small enough to pass between the 
shutter and the film gate of the camera. This is 
usable only when the camera shutter is open but does 
save the cost of a beam-splitter. 

This arrangement is especially useful when photo- 
graphing small objects or making titles. When the 
camera is used with the lower powers of the micro- 
scope, sufficient light is passed for focusing with the 
aid of the pharyngoscope. With the higher powers 
of the microscope, there is not enough light for visual 
focusing in the above manner and, in that case, a 
beam-splitter is required. Even when the beam- 
splitter is used, the pharyngoscope is useful in timing 
the shutter and in addition, it may be used to focus 
the image of a watch on the corner of the film frame 
by means of suitable auxiliary lenses. A detailed 
description of the complete apparatus will be pub- 
lished in the near future.® 


Oscar W. RICHARDS 
OSBORN ZOOLOGICAL LABORATORY 
YALE UNIVERSITY 


AN APPARATUS FOR CONSTANT DELIVERY 
OF EQUAL WEIGHTS OF TWO 
OR MORE LIQUIDS 


AN apparatus which delivers several liquids at a 
constant rate and at the same speed for each liquid 


2 This focusing device was described at the second an- 
nual meeting of the Biol. Photog. Assoc. in Rochester, 
September, 1933. 

8A grant from the Bache Fund of the National Acad- 
emy of Sciences made possible the construction of this 
apparatus, which will be described in detail in the Jour. 
Biol. Photog. Assoc., 1934. 
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Fig. 1. 


independent of density or viscosity is shown in Fig. 1. 
The system W,, W, with the intervening air space 
acts as a balance so that if W, becomes momentarily 
lighter than W, owing to the liquid having run out 
faster, it necessarily slows up and W, speeds up 
until the weights are again equal. By the use of a 
side arm B the hydrostatic head is made equal to H 
until the level of W, reaches that point. It is pref- 
erable that the liquid in W, be the less viscous since 
air bubbles pass through it. W, may be used as a 
control liquid only and not one of those to be used 
for experimentation. 

The rate of flow is governed by the capillary A. 
If the flow is to be varied a number of capillaries of 
different lengths or bore may be kept in hand so that 
by means of rubber connections the rate may be 
quickly changed. 
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Fig. 2 shows results of an experiment in yhig 
glycerine of specific gravity 1.25 and water at jy 
and of viscosities 4.9 and 0.0089, respectively, we, 
used as the liquids. | 
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Obviously by similar air connections any number 
of added tubes containing liquids or solutions may 
be used. The rate of flow is not governed by either 
the shape or dimensions of the container, since it is 
dependent only on Hi and the capillary A. The same 
holds true for the temperature of the system above 
H so that the solutions may be at different temper- 
tures and yet give equal rates of flow in weights pe 
unit time. 

R. H. Lampert 

RESEARCH LABORATORY 

EASTMAN KopAK COMPANY 


SPECIAL ARTICLES 


THE SPIRAL GROWTH OF SINGLE CELLS 


Ir is clear that all cases of spiral growth or move- 
ment in organisms are not produced by the action of 


the same factors, even though it is possible in a gen- - 


eral way to describe the twisted or helical forms of 
growth as due to the resolution of two growth vectors, 
one longitudinal and one rotational. Whatever may 
be the ultimate explanation of twisting of such com- 
plex structures as trees, it is exceedingly interesting 
that spiral structure is exhibited by so many single 
plant cells. The spiral layers of the walls of wood 
cells, the coiled chloroplasts of Spirogyra, the whole 
organization of the coenocytic cells of Chara and 
Nitella and the spiral growth of the fungus Phyco- 
myces may be taken as examples. It remains to be 
shown, of course, whether the spiral form of multi- 


cellular plants is referable in some way to the spiral 
growth of their cellular components. At the moment 
the need is for an analysis of the cause of spiral 
growth in the simplest cells available. 

The only living plant cell in which it has been pos 
sible to measure simultaneously growth and twisting 
about the long axis is the eoenoeytie spore-bearilg 
cell of Phycomyces, where Oort? found at 17.5° C. a0 
average rate of elongation of 39u/min. and an aver 
age rate of rotation of 3.7° per minute. For cells of 
diameter 114, the angle which the main direction o! 
growth makes with the longitudinal axis of the ce! 
(therefore the inclination of the spiral, and the angle 
at which micellae are incorporated into the chitinous 


1A. J. P. Oort, Proc. Acad. Sci. Amsterdam, 34: 564, 
1931. 








\CTOBER 19, 1934 









ll) is on the average about 6°. It has frequently 
on suggested” ** that the direction of protoplasmic 
teaming determines the orientation of spiral struc- 
re in the cell wall. Oort and Roelofsen> found 
hat in the lower, non-growing part of the sporangio- 
ore of _Phycomyces spiral protoplasmic streaming 
deed occurred, but were not able to observe oriented 

reaming at the actual zone where growth took place. 

In an attempt to learn something about the na- 
wre of the “rotational vector” in the growth of cells 
¢ this type, the rates of elongation and of rotation 
yf sporangiophores of Phycomyces were determined 
+ 15° C. and at 25° C. The temperature coefficients 
or this interval were in 5 eases as follows: Q,, 
prowth=1.1, 1.1, 1.2, 1.6, 1.1; Q,, rotation =2.5, 3.0, 
042.5, 1.6. Taken at their face value, these results 
ndieate that the forces involved in twisting the cell 
have a significantly higher temperature coefficient 
than those coneerned with its elongation. As a neces- 
sary consequence, moreover, the angle which the spiral 
makes with the long axis of the cell is greater at the 
higher temperature. For the five cells mentioned, the 
angles at 15° C. were 3.3°, 5.6°, 8.6°, 6.3° and 9.3°; at 
25° C. these angles were, respectively, 10.8°, 15.6°, 
15.6°, 11.6° and 11.1°. It is evident, therefore, that 
the steepness of the growth spiral is not structurally 
fixed, but that it ean be (reversibly) altered by change 
of temperature. This supports the view that the 
spiral form of growth in these cells is indeed due to 
the resolution of two vectors. 

Raising the temperature of the cells above 25° C. 
further increases the rate of rotation up to about 
277° C. At this temperature rapid elongation of the 
cell continues, but rotation is greatly diminished in 

rate, frequently abolished altogether, or occasionally 
wm reversed in direction. No mention has been made so 
far of the direetion of rotation. Oort® fourd that 
the majority of the cells grew upwards in the form of 

4 “right-handed” spiral. This corresponds to what 

we call a left-handed thread on a screw. In the stud- 

ies which are deseribed here, most of the cells from 

a totally different stock of the same strain of fungus 

showed similar “right-handed” spiral growth. 

The question as to what determines the direction 
of spiraling of eells or organisms is possibly a sepa- 
tate problem. It has frequently been approached 
by conducting a survey, sometimes extending into 
the cosmos, of the direction of spiraling found in 
hature."-*-® Unfortunately, no satisfactory general 


?L. Dippel, Abh. Naturf. Ges. Halle, 10: 55, 1868. 

‘E. Strassburger, ‘‘ Ueber den Bau und das Wachstum 
der Zellhiiute,’? Jena, 1882. 

‘G. van Iterson, Hand. 238e Ned. Nat. en Geneesk. 
Congres, 4, 1981. 

°A. J. P. Oort and P. A. Roelofsen, Proc. Acad. Sci. 
Amsterdam, 35: 898, 1932. 

®Loc. cit. 
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explanation is forthcoming. The abolition of spiral 
growth or its reversal in Phycomyces by change of 
temperature suggests that relatively homely factors 
may control the direction as well as the magnitude 
of the process. The rapidity with which changes in 
the angle of spiraling may come about seems to argue 
against any interpretation in terms of altered pro- 
portions of different types of isomeric molecules. It 
is possible that the direction in which the protoplasm 
streams orients molecules which are being built into 
the wall,?° and that at the higher temperatures the 
streaming protoplasm reaching the growing zone is 
not stably oriented. The suggestion that the rota- 
tional vector in spiral growth is streaming proto- 
plasm is not intended to explain one unknown in 
terms of another: we know that there is movement 
and consequently force in protoplasmic streaming. 
If this idea were correct it would remain to discover 
what kinds of forces are at work in initiating and 
maintaining proteplasmiec movement, but two prob- 
lems would have been united. The experimental re- 
sults briefly reported here show how relatively simple 
factors may profoundly modify the magnitude and 
direction of the rotational vector in spiral growth and 
suggest the value of experiments designed to test the 
role of protoplasmic streaming. 
E. S. CAstLEe 
BIOLOGICAL LABORATORIES 
HARVARD UNIVERSITY 


EFFECT OF FLOWER PRODUCTION ON 
RATE OF GROWTH OF VEGETATIVE 
SHOOTS OF LONGLEAF PINE 

Waite working in a young stand (about 25 years 
old) of longleaf pine (Pinus palustris Miller) on 
April 8, 1931, I noticed a remarkable variation in 
the length of the terminal shoots. A close examina- 
tion revealed that invariably those shoots which bore 
staminate strobili were short, while those which bore 
pistillate strobili or no strobili at all were quite long. 
The question suggested itself whether the production 
of the strobili may have had some influence on the 
rate of growth of the terminal shoots. Accordingly, 
15 trees were numbered, and on each of these 10 to 
20 terminal shoots were tagged with metal tags at 
different parts of the tree for a permanent record. 
The length of each shoot was measured from the base 
to the tip and the sex and number of strobili on each 
were recorded. On September 11 of the same year, 
the marked shoots were remeasured. The results 
appeared quite significant, suggesting a problem that 
has not yet received sufficient attention. 





7H. Giinther, Biol. Cent., 39: 513, 1919. 

8 Th. Schmucker, Beih. Bot. Cent., 41: 51, 1925. 
®G. van Iterson, loc. cit. 

10 Ibid. 
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15 19.0 ems 51 Vegetative 68.4 
18 Pistillate 93.0 
89 Staminate 36.6 


102.4 0 302.2 Siw im: 
162.0 0 318.0 ee cet 
74.1 0 2835 28 81 72 2 199 















In Table I are given the measurements of the shoots 
and the sex of flowers they bore. Those which bore 
no strobili were for convenience designated as vege- 
tative shoots. The results show that in all the 89 
shoots bearing the staminate strobili the amount of 
the growth they had made was very small. In the 
early spring the shoots bearing the pistillate strobili 
were the largest and were nearly three times as long 
as those bearing the staminate strobili. Those bear- 
ing no strobili, or the vegetative shoots, were at the 
start about two thirds the length of those bearing 
the pistillate strobili and about twice as long as those 
bearing the staminate strobili. At about the end of 
the growing season the stems produced by the shoots 
bearing the pistillate strobili (which by now had been 
pollinated) were twice the length of the stems pro- 
duced by those bearing the staminate strobili, while 
the stems produced by the vegetative shoots were 
about one and one half times as long as those pro- 
duced by the male-bearing. 

Another point of interest is the relation between 
the number of staminate strobili and the size of the 
shoot that bore them. In all cases it was evident 
that the shoots bearing the smaller number of stami- 
nate strobili were larger than those bearing the larger 
number of male flowers. In other words, the amount 
of growth made by the shoots bearing the staminate 
strobili varied inversely with the number of the 
strobili. This would indicate that the production of 
the staminate strobili caused a retardation in the 
growth of the terminal shoots bearing those strobili. 
On the other hand, the production of the pistillate 
strobili apparently caused a stimulation of the growth 
of the shoots that bore them, for in all cases those 
bearing the pistillate strobili were larger than those 
which bore no strobili. Field observation of mature 
trees showed, however, that the upper branches of the 
trees which were vigorous bore pistillate strobili, 
while those on the lower part of the tree bore the 
staminate strobili, suggesting that staminate strobili 
were produced on weaker branches. This then sug- 
gests the question of whether the slow growth of the 
shoots bearing the staminate strobili was due to their 
natural weak condition or whether the shoot actually 











suffered a retardation in growth produced by { 
staminate strobili. In other words, the question jj 
“Which is the cause and which the effect?” 

A point in favor of the theory that the producti 
of the pistillate strobili cause a stimulation in 
growth of the shoot is shown by the greater grow! 
of the needles on the shoots bearing the pistillai 
strobili than on those bearing the staminate strobjj 
or on the vegetative shoots (see Table I). 

It was also found by the end of the summer thf 
while none of the pistillate shoots died, 6 per cer 
of the vegetative shoots and 31 per cent. of the shoot 
bearing staminate strobili had died due to insect x 
fection. 

In August, 1932, the area was again visited ani 
observation made on the tagged shoots in order t 
determine whether the development of the pistillafé 
cones after fertilization might retard the termimil 
growth of that branch during the development of tl 
cones. It was found that six of the branches bearig 
the pistillate cones had long new shoots. Five of tle 
pistillate cones examined during 1931 were destroyel 
by insects, but the terminal growth of that ye 
(1932) was as long as during the previous yeat 
However, as many of the tips of the branches bearing 
the staminate strobili in 1931 showed no growth i 
1932, no further notes were made. 

In conclusion, it may be stated that the questia 
of the effect of flower production on the rate 
growth of terminal shoots of pine is an open one atl 
presents an excellent problem for further investigt- 
tion. 




























L. J. PessiN 
SOUTHERN FOREST EXPERIMENT STATION 
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